We made simultaneous bilateral recordings of unit activity in the n.
Introduction

33
A major problem faced by spinal injured patients is neuropathic pain. The pain 34 is classified as being at level, if it involves dermatomes supplied by the injured 35 segments, below level, or above level (Siddall et al. 1997 ). It has been very difficult to 36 identify a specific structure whose activity triggers the neuropathic pain. The highly 37 connected spinal and supraspinal centers involving both ascending and descending 38 connections that modify projections from nociceptors (reviewed in (Mendell 2011) 39 make it very difficult to factor out the multiple contributions to the pain experience.
40
Here we have recorded from the somatosensory thalamus in an effort to 41 determine changes that take place after spinal cord injury. There is evidence in rats 42 (Zhang et al., 2006) and humans (Lenz et al. 1998 ) that activity in this region is 43 related to pain processing although the mechanisms are not known precisely (see 44 Discussion). In order to improve the power of our determination we have studied rats 45 at different intervals after the hemisection to determine whether changes in VPL 46 activity, known to occur after spinal injury (see Discussion), are correlated over time 47 after hemisection with behavioral changes in the same animals.
48
We used spinal hemisection as a model of spinal injury. Although this does not 49 reproduce the injury (contusion) that is most often responsible for spinal injury in 50 humans, it has the advantage of causing damage in specified pathways. In particular,
51
Mechanical sensitivity was determined with a graded series of 13 von Frey filaments Stimuli were delivered sequentially to both hind paws, near the center of the foot pad.
130
In all cases, the stimulation was applied first on the side contralateral to the 131 hemisection (right hind paw) using the filament producing the lowest force. Each 132 filament was applied 3 times (3-5 min apart). In each session, the complete series von 133 Frey filaments was applied in increasing order of force, until a well-defined 134 behavioral response such as sharp withdrawal or flinching behavior was triggered.
135
The minimal force applied through von Frey filaments to trigger at least two such 136 responses in three tests was considered as the mechanical response threshold. Tests for 137 mechanical threshold were carried out 1 day before hemisection surgery and at 2 week 138 intervals until the day before the final terminal electrophysiological procedure. hemisection-2, 4, 6 and 8 wks). Since Tapping resulted in data similar to that elicited 242 from brushing, it is not illustrated to simplify the presentation.
243
In addition cells were classified as low threshold (LT), nociceptive specific 
257
The surprise value is defined as the negative natural logarithm of the probability that rate; this measure is independent of changes in average firing rate. A minimum 261 surprise value of 3 (probability of 1 in 1000) was required for acceptance.
262
Comparisons of burst parameters between states were made using one-way ANOVA 
Results
290
Of the total of 53 hemisected rats 44 survived until the end of the terminal 291 electrophysiological experiment. Of these 44 cords 17 were considered after gross 292 histological examination to be acceptable as a complete hemisection (39% of 293 completed experiments); data from these animals and 9 intact rats also studied after 294 acute hemisection are presented in this report. The criteria were that the entire left JN 0998 2012 R1 Bilateral changes in VPL after thoracic hemisection side of the cord was hemisected and the right side was largely unaffected, particularly 296 the lateral and ventral white matter. In these selected cases there was little damage to 297 the contralateral dorsal columns although under the light microscope it is impossible 298 to rule out at least minimal damage. We also confirmed by reconstruction that both 299 recording electrodes were in the VPL. A sample hemisected cord and the VPL 300 recording sites are shown in Figure 1(A, B,) .
301
During the terminal experiment, we recorded the multiunit extracellular Here we report the analysis of response types and firing rates of neurons in both left 311 and right VPL in response to stimulation of its contralateral hind limb in intact rats,
312
and at different times after hemisection. Fig 2) . In intact animals we observed that 322 most units (ca. 70%) could be classified as multireceptive, i.e., they responded to to Brush (Fig. 3) .
329
After left thoracic hemisection, we noted an immediate change in the RF 
342
In the left VPL we also observed an immediate decline in the proportion of 343 MR neurons which recovered to values characteristic of intact preparations by 6 344 weeks after hemisection (Fig. 3) . In contrast to the findings in right VPL these for the acutely hemisected group which showed a significant decrease in firing which 377 recovered by 2 weeks. In the right VPL (Fig 4D) , the magnitude of responses induced 378 by Brush was little changed except at 2 and at 4 weeks where a significant transient 379 increase was observed. The response to Pinch was most elevated at 2 weeks after 380 hemisection, but this increase was not maintained at 6 and at 8 weeks.
381
The immediate decline in response to Pinch in the left VPL after left 
Spontaneous Burst Activity
390
The temporal patterning of spikes following unilateral hemisection lesions was 391 examined using an algorithm that calculates burst prevalence, and other burst related (Fig. 4) . This was measured as the average number of spikes elicited per stimulus.
484
The increase is first observed 2 weeks after hemisection, i.e., it is not observed acutely 485 unlike the change in cell classification which occurs due to the loss of non nociceptive 486 input (Fig. 3) , and it is maintained at 4 weeks. Such changes have been reported 
576
Although contusion is more realistic in terms of modeling the human spinal 577 injury, it is more challenging to arrive at mechanisms because the lesion is more 578 difficult to specify. In a previous study using hemisection, it was reported that the Nociceptive specific Neuron(NS)
